Purpose: To examine which variables available early in the course of childhood epilepsy are associated with a poor short-term outcome and to develop models to predict such an outcome.
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Purpose: To examine which variables available early in the course of childhood epilepsy are associated with a poor short-term outcome and to develop models to predict such an outcome.
Methods: We prospectively followed up 466 children with newly diagnosed epilepsy for 2 years. Variables were collected at intake and after 6 months. Outcome was defined as the duration of the terminal remission (TR): poor (<6 months) and not poor ( 2 6 months).
Results: Of the subjects, 3 1 % had a poor outcome. Multivariate analysis based on the intake variables identified number of seizures, seizure type, and etiology as risk factors for a poor outcome. With the intake and 6-month variables combined, seizure type, etiology, the number of seizures, and not attaining a 3-month remission during these 6 months, and the EEG at 6 months were predictive variables. A predictive model based on the multivariate logistic-regression analysis with the intake variables was correct in 56% of the children in whom it predicted a poor outcome and in 73% of the children in whom it predicted a not-poor outcome. With the intake and 6-month variables together, these percentages were 66 and 79%, respectively. The sensitivity of these models was low (29 and 47%, respectively); the specificity was good (90 and 89%).
Conclusions: The 2-year outcome of childhood epilepsy is closely related to its early course. The prognosis is poor in -30% of patients. By using our data, the prediction of a poor outcome is correct in almost two thirds of the patients; however, the models produce many false-negative predictions. Key Words: Epilepsy-Childhood-Prognosis-Prognostic model-Outcome.
About 25% of patients with epilepsy of all ages do not achieve a long-standing remission ( 1). Neurologic abnormalities, mental retardation, complex partial or Secondarily generalized epilepsy or both (2) (3) (4) (5) , infantile spasms (6) , remote symptomatic etiology (6) , a large number of seizures (7) , a high seizure frequency (4, 8) , and a history of status epilepticus (6) have been reported to be associated with a poor prognosis. Onset at older than 10 or 12 years has been related to a worse prognosis (2, 7) ; in other studies, the risk of intractability decreased with later onset (5, 6) . Only one of these studies was completely prospective (5) . The others were mostly (6) or partly (2) (3) (4) 7, 8) retrospective; a case-control method was used once (6) . Two studies did not deal exclusively with children but concerned patients of all ages (2, 3) .
The Dutch Study of Epilepsy in Childhood (DSEC; 9) is a collaborative effort of two university, one children's, and one general hospital to study prospectively various aspects of childhood epilepsy in a hospital-based cohort consisting exclusively of primarily referred children with newly diagnosed epilepsy. The methods of patient recruitment, follow-up, and outcome definition were intended to establish a large, unselected, uncontaminated study cohort of children with epilepsy with a complete follow-up. Because chronic, intractable epilepsy is said to develop early in the course of the disease (lo), prevention of intractability would require early identification of these patients followed by rapid and vigorous therapeutic intervention. Therefore we address two questions: what is the frequency Of a poor outcome in newly diagnosed childhood epilepsy 2 years after the diagnosis? Is early identification of children likely to have a poor outcome possible, and if so, when?
METHODS

Setting
The study population consisted of a consecutive series of newly diagnosed children with epilepsy from two university hospitals, one general and one children's hospital in the western region of The Netherlands.
Diagnosis and classification
From August 1, 1988, to August 1, 1992, all children aged 1 month to 16 years seen in one of the participating hospitals with two or more unprovoked seizures or one status epilepticus were-after informed consentenrolled in this arm of the DSEC, the "Prognosis Study" (Fig. 1 ). They were referred by their family physician (5 1 %), the pediatrician of the participating hospital (25%), or came to the Emergency Room (16%). In 8%, the way of referral was different or unknown.
The diagnosis of a seizure was based on predefined criteria, adapted from Van Donselaar et al. (1 I). A panel of three pediatric neurologists had to agree on the epileptic nature of the events on the basis of the information provided in a questionnaire and in the letter to the family physician, without knowledge of the results of additional examinations ( 1 1). If these details were insufficient, the results of one or two EEGs also were considered (see the following). Ninety-two percent of the children were included on the basis of their history alone. The panel evaluated 850 children with one or more possible seizures (Fig. I ). Of these, 412 were immediately confirmed to have epilepsy. Seventy children, seen after August 1, 1988, of a cohort of 139 with a single seizure (12) , were included after a recurrence. In only three of these 482 children, the diagnosis of epilepsy was later rejected, whereas in 17, the diagnosis was doubted after followup. In 178 children, the diagnosis of epilepsy was still uncertain after discussion of the history and the EEGs by the committee. These "uncertain cases" were followed up for 1 year. Twelve of thein were included after more episodes and repeated discussion by the panel. Altogether, therefore, 494 children were eligible for the study. The mean age at intake in this group was 5.9 years (SD, 4.2 years; median, 5.5 years).
The seizures were classified according to the ILAE criteria (13) . The original classification of the type of epilepsy according to Gastaut (generalized vs. partial and idiopathic vs. symptomatic; 14) was at the end of the 2-year follow-up replaced by the 1989 ILAE classification of epilepsy and epileptic syndromes (15) . In addition, the etiology was reclassified according to the guidelines of the committee on epidemiology of the ILAE (16) . "Remote symptomatic" meant either that the child had preexisting neurologic abnormalities, including mental retardation (considered to be present when the child needed specialized care or schooling for the retarded; presumed IQ <70) or that a definite etiology was established (1 7).
Variables and investigations
A priori defined variables were collected at intake, after 6 months (Table I) , and at the end point of this study (2 years after intake). Four hundred eighty-seven (99%) children had an EEG. In children without epileptiform abnormalities, a second EEG was made after partial sleep deprivation. A standard EEG was repeated after 6 months. Imaging was performed with computed tomography (CT), sometimes supplemented with magnetic resonance imaging (MRI); it was omitted if the child had typical absences or if the treating physician did not consider it necessary.
Treatment
The patient's pediatric neurologist made the decision whether to treat the child and selected the antiepileptic drug (AED). According to the protocol, at least two firstline and one second-line drug had to be tried consecutively up to maximal tolerated dosages. Patient compliance was tested with repeated drug-level monitoring.
Follow-up and outcome
Of the 494 children in the Prognosis Study, 28 were excluded from this analysis. Seven children were lost before 2-year follow-up had been completed. The outcome of 11 children could not be defined correctly, usually because they had both epileptic and pseudo-seizures, impossible to distinguish on the basis of the history. Seven participants in the first-fit study had a recurrence after the closure of the intake period, and therefore were not followed up for 2 years. Three children in whom a diagnosis other than epilepsy was made during follow-up (20) 403 ( 87) 63 ( 14) 418 (90) 48 { 10)
417 (90) 49 (11) 408 ( 88) 58 (12) 111 (24) 277 (59) 78 (17) 251 (54) (34) 71 (25) 13 (52) 31 (53) 42 (22) 17 (50) 13 (35) 6 (21) 32 (37) 32 (46) 4 (22) 18 (38) 13 (22) 51 (22) 58 (43) 37 (39) 31 (49) 128 (3 I ) 18 (37) 132 (31) 14 (29) 131 (32) 15 (26) 28 (25) 91 (33) 27 (35) 73 (29) 35 (48) 38 (27) 71 (34) 43 (27) 5 (50) 7 (27) 20 (33) 115 (29) 74 (25) 72 (42) 76 (58) 70 (21) OR "poor" (95% CI'S)" Number of children with a poor outcome and odds ratio for a poor outcome in the univariate analysis for each of the intake and 6-month variables (n = 466). The odds ratios are calculated as the chance of a poor outcome with that particular value of the variable considered versus the chance of a poor outcome with the reference value of that variable (see Methods section). Between ( 1, column percentages; between (), row percentages.
" Odds ratio and (between parentheses) 95% confidence interval for a poor outcome for that also were omitted. The remaining 466 children were all followed up for 2 years.
The follow-up was usually done at visits to the outpatient clinic. Telephone interviews were allowed for children who were seizure free and without medication. The outcome after 2 years was assessed according to the duration of the terminal remission (TR): 2 1 2 months, "good," 6-12 months, "fair," and <6 months, "poor." We compare the outcome "poor" with the outcome "notpoor."
Statistics
The predictive significance for the outcome after 2 years was analyzed separately for the intake variables and for the intake and 6-month variables combined. Uni, variate and multivariate logistic-regression analyses were performed with SPSS. For multivariate analysis, a model with stepwise backward elimination of variables was used. A variable was eliminated if its removal statistic had a probability 20.10. We used simple parameter coding (each category of any particular variable was compared with the reference category of that variable). The analysis was done with a model comparing a remission of <6 versus >6 months ("poor" vs. "not poor"). Odds ratios were calculated as the chance of the outcome with that particular value of the variable considered versus the chance of the outcome with the reference value of that variable.
The type of epilepsy according to the ILAE classification ( 1 5 ) and the EEG after partial sleep deprivation were not used as independent variables in the multivariate analyses. The correlations between type of epilepsy and etiology and between the standard EEG and the EEG after partial sleep deprivation were too high. All other intake and 6-month variables were included in the logistic-regression analyses. The number of seizures before intake and the number of seizures in the first 6 months of follow-up were in these analyses modeled as continuous variables but log-transformed, because they did not have a normal distribution ( I 8). For the second variable, this was done as log (seizures during first 6 months + 1) to avoid log (0). Moreover, indicator variables were added to code for excessive numbers of seizures. We found that reported numbers of seizures >25 were very inaccurate, especially in the case of absences and myoclonic seizures; therefore, we considered >25 seizures to be excessive in terms of both these variables. For patients with excessive amounts of seizures either before intake or in the first 6 months of follow-up, the log (no. of seizures) was coded as zero.
After stepwise deletion, all possible interaction terms were tested for significance, but both interaction terms that we found to be significant could not be used in the models because of the occurrence of colinearity. One clinically important but not significant variable was added to the models to include too many rather than too few variables. For the model with only intake variables, this was "preexisting neurologic signs," and for the model with the intake and 6-month variables combined, this was "EEG1."
The variables remaining in the two models (intake variables only and intake and 6-month variables combined) after stepwise deletion were used to calculate each individual's chance of having a poor outcome according to the formula P = 111 + e-'. Z is a score resulting from adding values for the applicable category of each of the relevant variables plus a constant for the particular model. The values are computed on the basis of values derived from the logistic-regression coefficients of each category multiplied by the individual's coded characteristics from the simple parameter coding scheme. To prevent overoptimism in the interpretation of the results, we used a correction (shrinkage) factor for the regression coefficients in the final models. All coefficients were multiplied by the shrinkage factor
where p is the number of degrees of freedom and C the global x2 statistic for the multivariate full model (19) .
For the model with only intake variables, p was 23, and x2 was 53.217, resulting in the shrinkage factor k = 0.605. For the model with intake and 6-month variables combined, p was 29, x2 was 116.635, and therefore k was 0.769. All 466 children were used for the development of the final models. We did not use a split-sample technique, because using a smaller group for the development of the model would result in a less accurate and reliable model (20) . Instead, we decided to recruit a new cohort for the validation of the models. This validation study is currently under way.
RESULTS
Overall
For the 466 children, the distribution of the outcome categories at 2 years was poor, 146 (31%); good, 264 (57%); and fair, 56 (12%; not-poor 69%). Table 1 details the total number and the number with a poor outcome for each intake and 6-month variable.
During the 2-year follow-up, two patients died. The intervals until death were 16.6 and 20.4 months. Both children were classified as poor because neither of them achieved any significant remission during the follow-up. One of these children had a progressive metabolic disorder; the other died of the complications of a congenital brain anomaly. Progressive disorders were diagnosed in four other children, one with a cerebral tumor and three with a progressive metabolic affection.
Two years after the intake, 74 children still had not been treated with AEDs. These children had a significantly better outcome than the treated group (poor outcome in 16% vs. 34%) (21) . Among the 12 untreated children whose outcome was poor, two had benign rolandic epilepsy, and five, infrequent generalized tonicclonic seizures, not necessitating prolonged AED treatment. On the other hand, children needing more successive AEDs or polytherapy to gain seizure control generally had a worse outcome: 25% of children with monotherapy and 70% of children with any type of polytherapy did not achieve a 6-month TR (21) .
Compliance did not significantly affect the outcome. Moderate or poor compliance was demonstrated at some time in 18% of those treated. Of these, 3 1 % had a poor outcome.
Poor outcome
One hundred forty-six children had a TR <6 months. To describe this group in more detail, in Table 2 , the distribution of this group according to TR and longest remission (LR) during the last 6 months of follow-up is presented. Table I documents the odds ratios of a poor outcome (TR) and their confidence intervals for each variable as resulting from the univariate analysis. Table 3 presents the results of the stepwise backward multivariate analyses, first for the intake variables only and subsequently also for the intake and 6-month variables combined. In the analysis restricted to the intake variables, seizure type and log (number of seizures) were significant predictors for a poor outcome. The number of seizures and the etiology remained in the model with a p level between 0.05 and 0.1. Combining the intake and 6-month variables, not attaining a 3-month remission during the first 6 months of follow-up and log (number of seizures in the first 6 months after intake) were the most powerful predictors for a TR of <6 months. Seizure type, etiology, and the result of the EEG after 6 months remained in the model with p values between 0.05 and 0.1.
On the basis of the intake variables only, a computer prediction "poor outcome" was correct in 42 (55%, likelihood ratio 2.9) of 76 cases. A prediction "not-poor'' was correct in 286 (73%, likelihood ratio 0.79) of 390 cases. The sensitivity of this model was 29%; the specificity was 89%. Altogether, 30% of the patients were misclassified. With the intake and 6-month variables combined, the positive predictive value for a poor out- Odds ratios (OR) and (between parentheses) 95% confidence intervals of the intake, and the intake and 6-month variables, respectively, for a terminal remission (TR) of <6 months during 2 years of follow-up. Variables with a removal statistic of 50.1 have been included (see Methods section). Multivariate stepwise backward logistic regression analysis.
GTC Sz, generalized tonic-clonic seizures; n.a., not applicable. p < 0.05.
come was 66% (likelihood ratio, 4.27), the negative predictive value 79% (likelihood ratio, 0.67), with a sensitivity of 47% and specificity of 89%. Misclassified were 24% of the children. Another way to look at these data is to determine the individual's chance of a poor outcome. To do this, one can use the formula Ppoor = 1/1 + ed") (see Methods section). Table 4 gives the values for each category of the relevant variables and the constants of both models, rounded to one decimal and multiplied by 10 to make computations easier. From the sum score for any given individual patient, the exact corrected Z score can be calculated by dividing the sum score by 10. Multiplying this figure with the shrinkage factor gives the corrected Z score. The use of the models is made easier by the graphic presentation in Figs. 2 and 3 , in which the chance of a poor outcome is plotted against the sum score. In these graphs, the shrinkage factor has already been taken into account.
DISCUSSION
This is a study of a hospital-based cohort followed up prospectively from the first visit at which the diagnosis of epilepsy was suspected. The 494 children in the cohort were collected over a period of 4 years. The estimated number of under-16s in the catchment area is -410,000 (data from the Dutch Statistical Office). Recent data point to an incidence of childhood epilepsy of -40 per 100,000 (22) . If this number approximates the Dutch situation, -160 children with newly diagnosed epilepsy per year would be expected in our referral area. Therefore the recruitment rate in our study may have been -75% of the expected annual incidence.
The outcome assessment needs discussion. Outcome definitions used so far are heterogeneous: criteria such as numbers of seizures, seizure frequency, the attainment of a remission of a certain length ("remission ever"), time to remission, time to recurrence of seizures, and length of "terminal remission" have all been used. We chose seizure freedom as the main criterion, defined here as TR. This had the practical advantage of easy applicability. Moreover, seizure freedom has a direct bearing on a patient's quality of life, whereas having, for example, half as many seizures may not be an important gain in the opinion of the patient or his or her parents. The objection might be that the proportion of children with a poor 10 . To get the Z score, divide the sum score by 10, and correct with the shrinkage factor by multiplying with 0.6 (intake variables only) or 0.8 (intake and 6-month variables combined).
See Methods section, paragraph on statistics outcome was higher than necessary, because the occurrence of only one or a few seizures in the last 6 months of follow-up resulted in classification in the poor group. This may have happened to 13 children who had-a TR of <1 month but a LR of >5 months in the last 6 months of follow-up (see Table 2 ). The use of the longest remission ever (LRE) for outcome assessment could be a solution to this problem, but if the epilepsy becomes resistant to treatment after a prolonged period without seizures, a good LRE outcome will not be relevant. 
FIG. 2.
Corrected chance of a poor outcome for any given sum score in the model with intake variables only. The sum score is computed by adding the values (derived from the actual regression coefficients, rounded and multiplied by 10) for each applicable category of the relevant variables (see Table 4 ). This sum is divided by 10 and corrected with the shrinkage factor (0.6). The resulting value is the corrected Z score. The chance of a poor outcome, P, can be calculated with the formula P = lil + e-('). In the figure, P is plotted against the sum score (thick fine). Also given are the lower and upper limits of the 95% confidence interval (thin lines).
FIG. 3.
Corrected chance of a poor outcome for any given sum score in the model with intake and 6-month variables. See Fig. 2 for details. The shrinkage factor for this model is 0.8. On the other hand, it is clear that not all children fulfilling our criteria for a poor outcome will be equally poor. Table 2 illustrates this point. When one takes a certain duration of terminal remission as the main outcome criterium, this problem can never be completely solved, because one needs a fixed cut-off point. Shortening the TR period in the definition of poor outcome may be a solution to get a more homogeneous group of patients, but in this way, the problem remains of the patients with one or a few solitary seizures at the end of the follow-up. Perhaps a combination of TR and LRE would be able to sort out the children with a really poor outcome. One should recognize, however, that statistical methods will always twist the representation of reality in studies like this. The differences between various outcome-assessment methods after shorter or longer followup (e.g., 2 and 5 years) should be studied systematically, and the best method validated. Its use would then facilitate a comparison between the results of different studies.
This was a pragmatic study. Decisions about treatment (immediate treatment, delayed or no treatment) were left to the treating physician. The intake of the patient was chosen as the most consistent and pragmatic moment to start the follow-up. Only 12 children of 146 with a poor outcome had not been treated at all during the 2-year follow-up. In five children, the start of treatment had been delayed for >12 months. Therefore decisions of the treating physician and the parents to withhold treatment may have influenced the outcome in 17 of the 146 children.
The general outlook of epilepsy in childhood is favorable. In our study, the prognosis after 2 years was good in almost 60% and poor in -30%. One may expect the proportion with a poor outcome to become smaller after longer follow-up, in accordance with the results of earlier studies (4, 7, 8, 23) that concentrated on the long-term outcome. One of the most conspicuous findings of our study is the relatively good outlook early in the course of the disease (i.e., at 2 years of follow-up). Nevertheless, an important goal remains to reduce the number of patients who will eventually become intractable. In this study, we (6) , in a case-control study, seizure type (only infantile spasms) and remote symptomatic etiology. The common denominator, though, seems to be the presence of some kind of brain abnormality, whether it be expressed as remote symptomatic etiology, the presence of partial seizures or one of the seizure types associated with the malignant epilepsies of childhood, or the presence of neurologic abnormalities at examination. The number of seizures was relevant in a number of studies (4, 8) , including ours. When log-transformed, a larger number of seizures was associated with a worse prognosis. Interestingly, we did not find a number of other variables to be of prognostic significance for a poor outcome, whereas others had, notably early age at onset (5, 6 ) and a presentation with status epilepticus (4, 6) . A good explanation for this finding is lacking.
After addition of the 6-month variables to the analyses, etiology and seizure type remained in the model but lost importance. The course of the disease during these 6 months was relatively more important, especially when it was expressed as not achieving a 3-month remission during that follow-up period, and as the number of seizures in these 6 months, log-transformed. The EEG done at 6 months also had a significant impact on the prognosis (epileptic abnormalities vs. normal). These findings raise the question whether it is the "epileptic disposition" of the patient-making him refractory to treatment both immediately after treatment onset and later-or the persistence of seizures, aggravating the course of the epilepsy, which really determines the prognosis in this group of predominantly symptomatic and cryptogenic epilepsies. To explore this question, one would have to study a group identified early as having a poor prognosis and try to prevent such an outcome by early vigorous intervention. Current knowledge suggests that prevention of intractability should start as early as possible (10) . With this in mind, we conclude that our study presents models with which one will be able to identify candidates for such an approach as early as possible.
